The form and color of scalp hair play significant roles in human culture. It is therefore not surprising that significant psychological trauma is associated with hair "problems," including too much or too little hair or the "wrong" type or color. Much has been written about the more common alopecias, including androgenetic alopecia, telogen effluvium, alopecia areata, and iatrogenic alopecias. However, apart from miniaturization (e.g., androgenetic alopecia) and fracturing (e.g., iatrogenic alopecia) of the fiber, these conditions provide little insight into the genetic controls of physiological hair form and texture.
Hair texture: a fragile trait
The terminal hair shaft, as best exemplified by human scalp hair, consists of an outer cuticle ensheathing an inner cortex (sometimes with an additional core medulla). This remarkable biophysical composite is constructed via a highly integrated system of components, including, in order of decreasing amount, keratins, keratin-associated proteins, water, lipids, melanin, and trace elements. Most researchers of hair structure have focused attention on the biosynthesis center of the hair follicle, spanning from the bulb to the keratogenous zone-about 500 µm above the zone of maximal keratinocyte proliferation. Others have studied the genetic control of hair form and texture by examining the significant variability among humans of different ethnicities. Most of these studies have revealed a remarkably uniform chemical composition of hair protein across ethnic groups. Indeed, a systematic examination of protein structure of hairs from Asian (mongoloid), Caucasian, and African individuals revealed no differences by X-ray analysis in the structure of the hair keratin, and there are also no significant differences in amino acid composition of hair of different ethnicities (Franbourg et al., 2003) .
The usual suspects for directing hair form and texture have been sought among the keratin intermediate filament (KIF) and keratin-associated protein (KAP) gene families. This is not surprising, given that almost half of all keratins expressed in epithelia are expressed specifically in the hair follicle. Several mouse mutations with hypotrichotic causation map to KIF or KAP genes. Prominent examples include the congenital hair disorder monilethrix, which results from mutations in at least three type II hair cortex keratins (Winter et al., 1997) . Defective hair fiber formation can also be seen in the nude phenotype (nu/nu), where there is a loss of expression of keratin genes (rather than their mutation). The latter instead results from a mutation in the winged-helix-nude (WHN) FOXN1 gene, which encodes a transcriptional regulator of hair keratin genes. The nude phenotype exhibits reduced cysteinerich protein content, which severely weakens the hair fiber. Hair fragility is also linked with the kinked hair of Menkes' syndrome, in which a copper deficiency is somehow associated with keratinization abnormalities of the hair shaft-perhaps via impaired formation of disulfide cross-links in keratin-that appear secondary to the dysfunction of copper-dependent enzymes. These and similar conditions may not tell us much about the normal genetic controls for hair form and texture. In this issue, Shimomura and colleagues (2009) report findings from a genetic analysis of 11 consanguineous Pakistani families with autosomal recessive hypotrichosis (ARWH) in the absence of associated findings. A fascinating aspect of this study was the striking level of associated phenotypic variation, even within the same affected family. Although woolly hair (fine and highly curled hair fibers with an ovoid or elliptical cross-section and axial twisting) was reported at birth or in the very early years for all affected individuals, at the time of the study some had only woolly hair while others had sparse hair. Another fascinating feature of the affected hair fibers was their often hypopigmented state, in a population where jet-black hair is the norm for this age group. Genetic analysis identified five pathogenic mutations in the lipase-H gene (LIPH) that result in a phenotype that is clinically indistinguishable from that of individuals with P2RY5 mutations. In this regard, a homozygous mutation in the P2RY5 gene in a girl in a consanguineous Iranian family (Shimomura et al., 2008a) was associated with scalp hair that became progressively sparse and hypopigmented, whereas P2RY5 mutations were also associated with similarly variable disease expression in six affected offspring of a consanguineous Brazilian family (Petukhova et al., 2008) . Other teams have reported autosomal recessive hypotrichosis in families with mutations in LIPH (Ali et al., 2007; Nahum et al., 2008; Jelani et al., 2008; Azeem et al., 2008) .
The finding that LIPH and P2RY5 mutations have overlapping phenotypes provides much potential to dissect lipid-associated signaling pathways involved in hair fiber formation and growth. Indeed, Pasternack and colleagues recently reported that lysophosphatidic acid (LPA), the product of LIPH hydrolysis of phosphatidic acid (PA), is a ligand for P2Y5. With its ligand LPA, this G-protein-coupled receptor can affect the maintenance of human hair growth ) (see below).
Why is lipase-H interesting?
LIPH codes for lipase-H (also known as membrane-associated phosphatidic acid-selective phospholipase A1α), a new member of the phospholipase A1 family (Sonoda et al., 2002) . Like others in this gene family, LIPH may be involved in lipid and energy metabolism. The membrane-associated form of LIPH is a key enzyme in the synthesis of LPA from PA and has high homology with lipase I (phosphatidylserinespecific phospholipase A1). Numerous functions have been ascribed to LIPH, including cellular proliferation, apoptosis inhibition, cell migration, cytokine/ chemokine secretion, platelet aggregation, smooth muscle contraction, and neurite retraction. LIPH is expressed in kidney, lung, prostate, ovary, colon, and pancreas and has recently been found in skin and hair follicles (Kazantseva et al., 2006) . This group also reported that a deletion in the LIPH gene can affect hair growth. Moreover, there is some evidence that PA and LPA can variably promote murine hair growth-PA reverses the hair growth-inhibiting effects of TGF-β1 and protects follicular epithelial cells from apoptosis (Takahashi et al., 2003) . The simple phospholipid LPA can mediate interactions with many G-protein-coupled receptors as well as other targets. LPA signaling has been reported under several physiological and pathological conditions (e.g., arteriosclerosis, inflammation, cancer, and pain).
Shimomura and colleagues (2009) report that the LIPH enzyme localizes to the outer root sheath, hair shaft, and Huxley's layer of the inner root sheath of normal hair follicles. It would be interesting to know whether (and how) LIPH expression (and activity) is altered in the skin of ARWH-affected individuals. Do different LIPH expression levels/ activities correlate with the observed clinical phenotypic variants? Although the LIPH mutations observed are, as the authors point out, likely to lead to aberrant transcripts (which would be largely degraded due to non-sensemediated mRNA decay), the observed heterogeneity suggests a significant impact of modifier genes, genetic background, and epigenetic factors. Moreover, residual expression/activity of LIPH may change with age, because all affected individuals reported having woolly hair at birth/early childhood, but progression thereafter was variable.
Is there more to the hair follicle sheaths than meets the eye?
Although many hair biologists have been seduced by the bulb-versus-bulge fetish, the role of the follicular root sheaths in hair biology has clearly been underexplored. Abnormalities of the inner root sheath in particular are increasingly implicated in several alopecias. For example, the loose anagen syndrome screams sheath defects, although this condition does not significantly perturb the hair cycle. There is some evidence that premature inner root sheath desquamation can occur in scarring alopecia cases and possibly also androgenetic alopecia (Horenstein and Simon, 2007) . We have reported that altered expression of the cysteine protease cathepsin L leads to defective inner root sheath desquamation, pigmentary anomalies, and alopecia (Tobin et al., 2002) . The critical importance of inner root sheath keratinization in the normal formation of the hair shaft (and indeed in progressive alopecia) has been recently shown in a model lacking K71 (mK6irs1 in the former classification; Peters et al., 2003) . Shimomura and colleagues have previously localized P2RY5 to the Henle's and Huxley's layers of the inner root sheath (Shimomura et al., 2008b) . Further, heparanase 1, a heparan sulfate endoglycosidase, appears to be a key factor in the differentiation of the inner root sheath and can induce a catagen-like change in cultured human hair follicles (Malgouries et al., 2008) . It is therefore likely that modulation of the inner root sheath will provide insight into the possibilities for altering hair form and texture.
How are melanocytes involved in arWH?
One of the striking observations of Shimomura et al. (2009) is the hypopigmentation of the hair shafts in affected families. There may be several reasons for this, including the finding that the melanocortin receptors (including the melanogenically relevant MC1 and MC4) are phylogenetically close to the LPA receptors (Kostenis, 2004) . Moreover, another phospholipase (sPLA2x) has been shown to stimulate melanocyte dendricity and tyrosinase activity (Scott et al., 2006) . More evidence is needed, however, to determine whether PLA 2 isozymes can produce LPA by hydrolyzing PA in vivo (Aoki et al., 2008) .
Recent elucidation of the genes underlying ARWH, including the study by Shimomura et al. (2009) , may have revealed some of the mysterious workings of the hair follicle sheath in the sculpting of hair fiber and at the same time moved to center stage these ancient phospholipid signaling systems. We welcome lipase H-lipase "hair"-as a potential player in this process.
